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,irad The Stokes us well as anti- Stokes Laser Raman spectra of 2,3,5-iri-iodobenzoic acid have been recorded in the regions 150-4000 
on SpLtiKi Pro-500 Laser Ramon Spectrometer using 4880 A“ emission line of Argon ion Laser as a source of excitation FTIR spectra of above 
lunc also been recorded in solid phase as well as in liquid phase in the regions 4(X)-4000 enr' on Perkin Eliricr FTIR spectrophotometer The 
))i,il iinalv'.is has been carried out by taking this molecule to belong to Cs- point group The observed frequencies were assigned to various inodes 
MbMiiuii on ihc basis of intensity, frequencies from similar molecules.
\wonls Laser Raman spectra, FTIR spectra, 2,3,5-tri-iodobcnzoic acid
,(S \ o s  n  20 Ea. 33 20 Fb, 33.20 Tp
liUrodiiction
ubsiii lied benzene dcrivalives has been the subject of 
iisLopic investigation in infrared region. The FTIR and 
Riiiiun spectra of benzoic acid and mono-substituted 
111 a c i d  h a v e  been studied by several workers [1-5]. Fletls 
h a s  reported vibrational spectra of sixty corboxlic 
G i c c n  12] in 1977, has reported the complete analysis of 
Mc a c i d  a n d  some substituted benzoic acids. Ansari and 
'1 h a v e  reported spectral studied of benzoic acid, Phthalic 
n^d s a l i c y l i c  acid. Rastogi et al [4] have reported the 
iionul study of 3,5-di-nitro benzoic acid. Mohan and Arul 
15] h a v e  reported the vibrational study of para- 
f’bcn/oic acid. However, there is no report on vibrational 
ri‘of2,3,5-tri-iodobenzoic acid in the literature. Therefore, 
JcMrablc to record the FTIR and Laser Raman spectra of 
' In iodubcnzoic acid and to study the complete vibrational 
VMS o n  t h e  basis of Cs-point group.
^^perimental lipfuiig
v^ ieniical 2,3,5-tri-iodobenzoic acid is a white crystalline 
obtained from5pectroChem. Pvt. Ltd., Mumbai and 
as such. FTIR spectrum of above compound was
Author
recorded in the region 400-4000 enr * in solid phase as well as in 
liquid phase on Perkin-Elmer FTIR spectrophotometer in the 
Chemistry department of Delhi University, Delhi. The Stokes as 
well as anti-Stokes Laser Raman spectra of above compound 
have been recorded on Spectra-Pro-500 Laser Raman 
spectrophotometer using 4880 A radiation from an Argon ion 
Laser operating at 4W. These were recorded in M. N. Saha 
Spectroscopy Laboratory of Allahabad University’s Physics 
Department, Allahabad. These spectra have been shown in the 
Figures 1-4.
Wavelength (A)
Figure 1. Stoke's Laser Ramon spectrum of 2, 3, .S-m-iodobenzoic acid.
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In these spectra, the positions of Stokes and anti- Stokes 
lines have been shown in wavelengths (A). In order to get the 
frequencies of Stokes lines and anti-Stokes lines, the following 
procedure has been used. The wavelengths of these positions 
have been converted into the corresponding wave numbers
Fifsurv 2. Aiili-Stokc’s Laser Raman spectrum ol 2. 3. S-in-iodnbenioic 
acid
Figure 3 . F T I R  s p e c t r u m  o f  2,  .3, 5 - i r i - i o d o b e n z o i c  a c id
and these wave numbers have been subtracted from the wave 
number corresponding to the exciting line. Therefore in the Table 
I, the frequencies of Stokes as well as the frequencies of ani, 
Stokes lines have been shown in cm *.
Tabic 1 Observed vibrational frequencies in FTIR and Laser R j 
spectrum of 2 3,S-tri~iodobenzoic acid. '
FTIR (cm ')
454
507
592
676
686
721
777
836 
870 
899 
1001 
1015 
1 106 
1196 
1223 
1275 
1359 
1375 
1397 
1407
1518
1542
1568
1711
1785
1807
1955
2114
2 3 4 1
2360
2546
L R. (cm ')
Stoke’s anii-'Stoke's 
166 
330 
451 
531 
610
Symmetry
species
689
806
922
998
I 1 I 1
1186
1297
1407
1551
1799
1972
2074
2209
2375
2505
2569
694
784
921
1013
1199
134 1 
1152
1485
1680
1779
1979
2132
2338
2 4 9 5
a
a”
a"
a”
a"
a’
a'
a’
a’
a'
a‘
a'
a‘
a’
a’
a*
a’
a’
a'
a’
A"
A'
A’
A’
A’
A”
A”
A”
A’
A’
A’
A’
Assignmenis
C-I o p h 
C-l 1 p b 
C-1 MfL'lch 
C-l .sireiLh 
C-I Mreich 
C-C 0 p h 
C-r 0 p b 
C-C opb 
C-(l opb 
C-H\npb
C-H u p b 
C-H o p h 
C-OH 0 p h 
C C nng bicdlhiiij' w\.
C-C I ph
C-C j p h 
C-C I p h 
C-O s t i d J i  
C-H I p b 
C-H iph 
C-OH iph 
C-C .sliclch 
C-C stu'iLl) 
C-C slic'lth 
C-C sifckli 
C-C' strL‘l(.h 
C-C slrtncli 
C=0 sliiMLh 
( 1 0 0 1 + 7 7 7 )  
( I 2 2 . H S 9 2 ;  
( 1 3 5 9 + 5 9 2 )  
( 1 5 5 1 + 5 H )
(II06+I01M 
( 1 1 9 9 + 9 2 1 )  
( 1 2 9 7 + 9 2 2 )  
( 1 5 6 8 + 7 7 7 )  
( 1 3 5 9 + i o o n
( 2 x  l l « f 0  
( 1 4 0 7 + l H I '  
(1542+1001'
"Conitl
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FIIK (cm') L.R
Stoke’s
(cm ') Symmetry 
anti-sioke’s species
Assignments
2637 2633 A’ (I359+I275)
2697
2705
279 I
A’ (17I1+ I00I)
2817 A’ (l4 8 5 -f l3 4 l)
2854 A* (I55I+ I297)
2')32 29I6 2926 A' (15I8+407)
1022 3038 a' C-H stretch
U)02 3099 a’ C-H .stretch
U22
3249
A’ (I7 II+ I4 0 7 )
UK5
33I6
A’ (I71I+1568)
1 4 5 4 3396 3373 a' O-H stretch
1 ii 1) -  m-plaiic-bcnding. o p b = oul-of-plane bending, .stretch= stretching
lahk- 2 Observed frequency shift in 2,3.5 - tri'iodobcnzoic acid in 1,4
Okisauc
1T I K
licqiicMCics
ii'm ')
FKTIR Frequency 
frequencies shift (cm ' 
in solvent
)
Mode
(cm ')
34I4.2 39 8 O-H stretching
1 1^1 17 16 0 5.0 C=0 stretching
iSf.N I 559.0 7.0 C-C stretching
1S 12 I536.2 6 2 C~C stretching
I M S  . 1512 I 6 I C-C stretching
1407 I428 21.0 C-C stretching
1 u ) ; 13K4.2 9 2 C-C stretching
122 \ I213 6 lO 6 C-O stretching
1 I I 38 58 0 C-C i.p.b.
lOl  S 1077 3 62 3 C-C 1 p.b.
881.4 IK 4 C-OH def o.o.p
KK(, 833 3.0 C-H o.p.b
72I 750 29 0 C -C 0 p.b
ri7(, 668 8.0 C-C o p b
S()'/ 524.4 17.4 C-I stretching
I P h in-planc bending, def. o.o.p. -  deformation out of plane bending, 
P b - out of plane bending
Discussions and analysis
The molecule 2,3,5-tri-iodobenzoic acid is a tri-subsiituted 
t^ en/oic acid or we can say that it is a tetra-substituted benzene. 
Hic vibrational bands observed in the infrared region arc very 
l^iarp, broad and less intense. All these bands have been 
^^signed in terms of various fundamentals combination 
i^i)raiions. This molecule belongs to Cs-poinl group. In this 
P'>im group, there are two types of vibrations, planar (a') and 
*^‘>n-planar (a") occur. The observed fundamental frequencies
and their probable assignments are presented in the Table 1. 
Table 2 describes the observed frequency shifts due to solvent 
effect. Since the vibrational spectrum of a molecule is affected 
by environmental factors, as a result the changes in the shape, 
frequency and intensity of the bands are observed. The shift in
0-H stretching vibration may be due to hydrogen bonding with 
2,3,5- tri-iodobenzoic acid. Shift in C=0 stretching vibration is 
due to the strong interaction of the parent molecule with the 1,4 
dioxane. In other vibrations as well as the molecular interaction 
with the parent compound is more pronounced. Solvent shift is 
obtained in most of the stretching vibrations and out-of-planc 
vibrations. C-I stretching vibration of 507 cm ' has been 
increased to 524 cm *. This shift in the C-1 stretching vibration is 
due to heavy mass of Iodine atom being influenced by 1,4 
dioxane solvent.
3.L C-H Vibrations:
In aromatic compounds, C-H stretching frequencies appear in 
the range of 3000-3100 cm ' , C-H in plane bending in the range 
of 1000-1300 cm ' and C-H out of plane bending vibration in the 
range 750-1000 cm ' . There arc six C-H stretching frequencies in 
the benzene with following modes of the vibration aj^(3062 
cm'*), b,^(3060 cm '), 0^^(3047 cm ') and c,^ (3099 cm-1). Last 
two modes arc doubly degenerated. In the present case, the 
frequencies 3060 cm ' and 3022 cm ' arc assigned for C-H 
stretching modes in the 2,3,5-tri-iodobenzoic acid in FTIR 
spectrum of compound. These bands are observed at 3038 
cm ' and 3099 cm ' in the Laser Raman spectrum. These 
assignments are in good agreement with [6,7]. TTie six C-H in 
plane bending vibrations arc derived from aj^(1340 cm’*),
1 * 037cm'') modes of benzene 
. The frequencies 1359 cm * and 1275 cm''are assigned for C-H 
in plane bending and are in favorable agreement with values 
given in the literatures [8,91. The out of plane bending vibrations 
in the benzene arise from b^^(995 cm '), e^ ,^(975 cm '), e,g(li49 
cm’') and (671 cm ' ) modes of benzene. The frequencies 836 
cm’' and 870 cm*' have been assigned to C-H out of plane bending 
vibrations. These assignments are in agrcemcnl with those of 
previous workers[ 10-12]. In this molecule, we have observed 
only two C-H stretching, two C-H in plane and two out of plane 
bending vibrations due to the fact that four other vibrations will 
correspond to the substituents.
3.2, C-C Vibrations:
Amongst the C-C ring stretching frequency of benzene, the ring 
breathing vibration a|^(991 cm ') undergoes some change in its 
magnitude whereas other frequencies are affected slightly upon 
the substitution. The magnitude of the ring breathing vibration 
remains near about 1(X)0 cm"'. In the present case, a frequency 
observed at 1001 cm"' has been assigned as ring breathing 
vibration. The four characteristics stretching modes of C-C in 
the benzene are, namely e  ^ (1585 cm’ ‘). c , ^ ( 1485 cm '). b2 (^ 1370 
cm"') and aj^ (991 cm"'). The frequencies 1010cm ', 1568 cm ',
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In these spectra, the positions of Stokes and anti- Stokes 
lines have been shown in wavelengths (A) In order to get the 
frequencies of Stokes lines and anti-Stokes lines, the following 
procedure has been used. The wavelengths ot these positions 
have been converted into the corresponding wave numbers
Figure 2. Arili-Slokt's Laser Kamaii spL*ctruni ol 2, .'t, S-tri-ioiJoben/oic 
acid
Figure 3. FTIR spectrum of 2, 3. 5-in-iodobeii/oic acid
and these wave numbers have been subtracted from the 
number corresponding to the exciting line. Therefore in the Table 
1, the frequencies of Stokes as well as the frequencies ol ann 
Stokes lines have been shown in cm
Tabic 1 Observed vibrational frequencies in FTIR and L a s e r  k;in). i,  
spectrum of 2.3,5-lri-iodoberizoic acid.
F T I R  ( c m  ')
454
507
5^ )2
676
L R- (cm ')
Sioke's anti-stoke’s
166 
330  
451 
53 1 
610
S y m m e t r y
species
A s s i g m n c n i ' ,
C-I o pb 
f l i p  h
C-1  s i i c k 'b  
CM  MrctLh 
' C - l  M r c k h
^ C - ( ’ 0 p b
686 689 694 a” r* r  0 p b
721 a“ C-C (1 p b
111 784 a" () p b
806 a” C’ -H 0 p b
836 a” C-FI o p i<
870 a" r-H upb
899 922 921 a” C-OH opb
1001 998 a ’ C-C nng bicalling’
1 01 5 1013 a' C'-C 1 pi'
1 106 1 1 1 1 a' C V 1 p h
1 196 1 186 1 199 a’ r  V 1 p h
1223 a' C’-O slrcUli
1275 1297 a‘ C H 1 pi'
1359 1341 a’ C-H 1 p h
1375 1 152 a’ 1 p 1'
1397 a’ C C slirkli
1407 1407 a ’ C L' sIkmJ i
1485 a' C-C" slickli
I5IK u’ C-C strcitli
1542 1551 a' C-C l^lckll
1568 a' C-C stK'bli
171 1 1680 a ’ C=0 streiLh
1785 1799 1779 A" (IOOI+777J
1807 A’ ( l2 2 U ‘^ y
1955 1972 1979 A’ (13.59
2074 A ’ (1551+'^^''
2114 A' (1 |O6M01^'
2132 A” (1199+92li
2209 A" (1297+92'’!
2341 2338 A” (1568+777)
2360 A’ (1359+1901'
2375 A’ (2x 1
2505 2495 A’ (1407+111'^
2546 A* (1542+iOOl'
2569
”*Con>^  \
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n ' l R ' ) L.R (cm ' )  Symmetry 
Sloke'.s anti-stoke's .spccie.s
Assignments
’6.17 263.3 A’ (1359+1275)
2697
J 7 U 5
2791
A’ (1711+1001)
2817 A' (1485+1341)
2854 A' (1551+1297)
2916 2926 A’ (1518+407)
10:2 3038 a ' C-H slrelch
K) h 2 3099 a' C'-H stretch
U 2 2
3249
A ’ (1711+14071
3316
A' (1711+1568)
U S 4 3396 3373 a’ O-H sliclch
1)) h = m-planc -bending, o.p b =  oui-of-plane bending, slrclch- stretching
2 Observed frequency shifi in 2,3,.  ^ - iri-iodobcnzoic acid m 1,4
m u
Ik LjueiiLies
I. Ill '')
FRTIR 
frequencies 
in .solvent 
(em ' )
Frequency 
.shift (cm ' )
Mode
3414 2 39 8 O-H slrcichmg
r'l , 1716 0 5 0 C=0 .Slrcichmg
1559 0 7.0 C - C  siieiching
1 u : 1536.2 6 2 C-C stretching
h l K 1512.1 6 1 C-C stretching
N 0 7 1428 21.0 C-C stretching
1 v^‘)7 1384 2 9.2 C C stretching
1213.6 10.6 C-O stretching
1 i ‘)fi 1 138 58 0 C-C i.p.b
i d l S 1077 ,3 62 3 C—C I p.b.
881.4 18.4 C-OH del 0.0 p
833 3.0 C-H o.p.b
7:1 750 29.0 C-C 0 p b
668 8.0 C-C 0 p b
1^)7 524.4 17.4 C-I stretching
‘ P h - in-planc bending, def. 
out of plane bending
0 .0 .p. -  deformation out of plane bending,
Discussions and analysis
molecule 2,3,5-tri-iodobcnzoic acid is a iri-substituicd 
acid or we can say that il is a teira-subslitutcd benzene, 
vibrational bands observed in the infrared region are very 
broad and less intense. All these bands have been 
‘‘''“gned in terms of various fundamentals combination 
'^^ riitions. This molecule belongs to Cs-point group. In this 
group, there are two types of vibrations, planar (a') and 
’'^ 'o planar (a") occur. The observed fundamental frequencies
and theif probable assignments are presented in the Table 1. 
Table 2 describes the observed frequency shifts due lo solvent 
effect. Since the vibrational spectrum of a molecule is affected 
by environmental factors, as a result the changes in the shape, 
frequency and intensity of the bands are observed. The shift in
O-H stretching vibration may be due lo hydrogen bonding with 
2,3,5- iri-iodobcnzoic acid. Shift in C=0 stretching vibration is 
due lo the strong interaction of the parent molecule with the 1,4 
dioxanc. In other vibrations as well as the molecular interaction 
with tbc parent compound is more pronounced. Soivcnl shift is 
obtained in most of the stretching vibrations and out-of-planc 
vibrations. C-1 stretching vibration of 507 cm ‘ has been 
increased lo 524 cm '. This shift in the C-1 stretching vibration is 
due to heavy mass of Iodine atom being influenced by 1,4 
dioxane soivcnl.
J. I. C-H Vibrations :
In aromatic compounds, C-H stretching frequencies appear in 
the range of 3000-3100 cm *, C-H in plane bending in the range 
of 10(K)-1300 cm'* and C-H out of plane bending vibration in the 
range 750- KK)0 cm *. There are six C-H stretching frequencies in 
the benzene with following modes of ihc vibration a,^(3062 
env’). b, J3 0 6 0 cm ‘), c^^(3047 cm‘‘) and e,^ (3099 cm-1). Last 
two modes are doubly degenerated. In the present case, the 
frequencies 3060 cm ' and 3022 cm * arc assigned for C-H 
slrcichmg modes in the 2,3,5-lri-iodobenzoic acid in FTIR 
spcclrum of compound These bands are observed at 3038 
cm * and 3099 cm ' in the Laser Raman spcclrum. These 
assignments are in good agreement with [6,71. The six C-H in 
plane bending vibrations arc derived from a2g(l340 cm'*), 
1037 cm *), 1178 cm *), 1037cm'*) modes of benzene
. The frequencies 1359 cm'* and 1275 cm ’are assigned for C-H 
in plane bending and are in favorable agreement with values 
given in the literatures [8,91. Tlic out of plane bending vibrations 
in the benzene arise from b2p(995 cm *), C2j^C975 cm' ').e,^(849 
cm'*’) and U2^ , (671 cm *) modes ol benzene. Fhefrequencies 836 
cm ’ and 870 cm' * have been assigned to C-H out of plane bending 
vibrations. These assignments arc in agreement with those of 
previous workersflO-12]. In this molecule, wc have observed 
only two C-H stretching, two C-H in plane and two out of plane 
bending vibrations due lo the fact that four other vibrations will 
correspond lo the substituents.
3.2. C-C Vibrations :
Amongst the C-C ring stretching frequency of benzene, the ring 
breathing vibration ii|g(991 cm *) undergoes some change in its 
magnitude whereas other frequencies are affected slightly upon 
the substitution. The magnitude of the ring breathing vibration 
remains near about 10(X) cm *. In the present case, a frequency 
observed at 1001 cm * has been assigned as ring breathing 
vibration. The four characteristics stretching modes of C-C in 
the benzene are, namely 02^(1585 cm"‘),e,^(l485cm *),b2y(l370 
cm'*) and a,g (991 cm'*). The frequencies lOlOcm'*, 1568 cm'*,
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1542 cnr', 15 18 cm' ‘,1407 cm*' and 1397 cm* ‘ have been assigned 
as C-C stretching vibrations for the present molecule. The ring 
dclormation rrcqucncics in substituted benzenes arc derived 
from C2p(606 cm*'),b2p(703 cm ') and C2^ (^405 cm*') modes of 
benzene. Modes e2  ^ (606 cm ‘) and (405 cm*‘) are doubly 
degenerate while mode b,,^(703 cm ‘) is non-degenerate . The 
frequencies at 1196 cm ‘, 1106 env* and 1015 cm‘‘ have been 
assigned as C-C deformation in plane and frequencies al 771 
cm ‘,721 cm ', 686cm*' and 667 cm ' have been assigned as C- 
C (Jefonnalion out of plane for the present molecule.
c o o n  f^roup vibrations .
0-H stretching band is characterized by very broad band 
appearing near about 3400 cm*' The band observed at 3454 
cm*' has its origin in the 0-H stretching vibration .The C = O 
stretching is a characteristic frequency of carboxylic acid. The 
band appealing at 171 Icnr' is assigned as C - O stretching 
vibration in FTIR spectrum and in the anti-Stokes Laser Raman 
spectrum this band has been assigned al 1680 cm ' 0-H bending 
in plane occurs lx:twccn 1440-1395 cm*' and out of plane bending 
occurs between 960-875 cm*'. The frequency at 1375 cm*' is 
assigned as OH in plane bending vibration and frequency at 
899 cm ‘ IS assigned as OH out of plane bending vibration for 
the present molecule. The present assignments agree well with 
the values available in the literalures [13-17].
3  4. C-I Vibrations :
C-I stretching vibration appears near 5(K3 cm ' In the present 
investigation, the bands appearing at 454 cm ', 507 cm*' and 592 
cm ' have been assigned to C-I stretching vibrations in FTIR 
spectrum of the compound The fiequcncics at451 cm*' and 531 
cm*' have been assigned to C-J stretching vibrations in Stokes 
Laser Raman spectrum of present molecule. The vibration has 
been assigned by Ahmed et al [18] at 454cm*' in the p-iodo 
nitrobenzene. The bands observed at 166 cm ' and 330 cm*' 
have been assigned to C-I out of plane bending vibration and 
C-I in plane bending vibration in the Stokes La.ser Raman 
spectrum respectively.
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